One hundred and fifty pigs with an average body weight of 6.6 kg were allotted to treatment in a completely randomized block design. The treatments included: 1. Control (basal diet), 2. P-glycan (basal diet + 40 ppm peptidoglycan), 3. MOS (basal diet + 0.1% mannanoligosaccharides), 4. MG (basal diet + 0.4% (3-glucan) and 5. NIS (basal diet + 300 ppm Nonspecific Immunostimulating Anionic Alkali Solution, rice bran was used as a carrier). Each treatment had 6 replicates with 5 pigs per replicate. Overall, although there were no significant differences in animal performance, pigs fed MOS showed better growth performance and feed efficiency than the other groups. Nutrients and amino acid digestibilities were improved during phase II (d 15 to 28 post-weaning) compared to phase
INTRODUCTION
A number of additives affect growth performance and immune response in weaned piglets. Peptidoglycan (mucopeptide, murein) is the basic component of the cell wall of Bifido-bacterium, a bacterium discovered in the intestine of healthy suckling babies in 1981. It has since been found to be an intestinal bacterium. The addition of 10 and 50 mg/kg of peptidoglycan decreased the incidence of diarrhoea and improved weight gain in piglets (Namioka et al., 1982) .
Mannanoligosaccharides (MOS), carbohydrates derived from yeast cell wall, increase growth performance and immunity in domestic animals. D-mannose, the primary carbohydrate of MOS, presents on most cell surfaces and acts as a receptor for binding specific microbes, E. coli and Salmonella, to the cell surface (Ofek et al., 1977; Ofek and Sharon, 1990; Baba et al., 1993) . Savage and Zakrzewska (1996) reported that yeast cell wall-derived mannanoligosaccharides stimulated immunity in turkeys. MacDornald (1996) also reported that mannanoligosaccharides reduced the mortality of broilers. Although the precise mechanism is not yet known, MOS enhances the protective immune response and has a beneficial effect on the growth of animals (Cotter, 1997) . MOS also stimulates humoral and cellmediated immune responses. Spring and Privulescu (1998) reported that adding MOS led to an increase in both intestinal and serum IgG levels, intestinal lymphocytes and the phagocytic ability of white blood cells.
P-glucan is a structurally linear or branched polysaccharide present in the cell wall of yeast or fungi. The basic structure of the P-glucan from yeast is a P-D-(l-3) linked glucopyranosyl polymer with periodic P~D-(l-6) linked side chains. Suzuki et al. (1990) reported that P-glucan derived from yeast cell wall stimulated nonspecific immune responses, and Schoenherr et al. (1994) reported that P-glucan increased growth performance in young pigs. Dritz et al. (1995) also suggested that supplementing nursery pig diets with P-glucan reduces inflammatory immune responses, and increases growth performance.
Nonspecific immunostimulating anionic alkali solution (NIS) has been recently developed for the purpose of enhancing growth rate and improving immunity in domestic animals. NIS is an anionic alkali solution ionized with inorganic compounds (Au, Ag, Si, K, Na, S, C, H 2 0). It is known to improve growth performance, environmental conditions, meat quality and immunity. But the mode of action is not defined clearly.
Thus, this study was conducted to evaluate the effects of peptidoglycan, MOS, (3-glucan and NIS on growth performance, nutrient and amino acid digestibilities, and immune response in pigs weaned at 21 days of age.
MATERIAL AND METHODS
One hundred and fifty, three-way crossbred [(Landrace x Large White) x Duroc] barrows and gilts weaned at 21 days of age were used as experimental subjects. Pigs averaging 6.6 kg body weight were chosen and allotted to treatments in a completely randomized block design.
The dosage of each feed additives (immunostimulators) was set according to the recommendations from supplier's research. Treatments included: 1. Control (basal diet), 2. P-glycan (basal diet + 40 ppm peptidoglycan, PG-MIX® Jeil Vet. Chem. Co., Korea), 3. MOS (basal diet + 0.1% mannanoligosaccharides, Bio-MOS®, Alltech Inc., USA), 4. MG (basal diet + 0.4% (3-glucan, MacroGard®, Jeil Vet. Chem. Co., Korea) and 5. NIS (basal diet + 300 ppm Nonspecific Immunostimulating Anionic Alkali Solution, Baradon®, Angora Korea, Korea-rice bran used as a carrier). Each treatment had 6 replicates with 5 pigs per replicate.
The phase I (d 0-14) diet was formulated to contain 3.43 Meal ME/kg, 1.69% lysine, the phase II (d 15-28) diet contained 3.43 Meal ME/kg and 1.39% lysine (Table 1) . During the entire experimental period, feed and water were provided ad libitum. The temperature in the experimental boxes was maintained within a range of 26 to 30°C throughout the experimental period. Body weight and feed intake were recorded weekly and the diarrhoea score was recorded every day during the entire experimental period.
For determining the digestibility of experimental diets, pigs were fed diets containing 0.2% Cr 2 0 3 and faeces were collected three times a day for three days after a four-day adjustment period (before metabolic trial, all pigs were adjusted to experimental diets for one week to the diet of each phase). Faecal samples were dried in an air-forced drying oven at 60°C for 72 h and ground with 1 mm mesh Wiley mill.
Blood samples were collected for analysis of immune parameters at the end of each phase. After collection, blood samples were centrifuged and leukocytes were isolated using Hypaque-Ficoll (density 1.119, Sigma). Three monoclonal antibo- dies specifically reactive with porcine leukocyte sub-populations were used to assay immune parameters ( Table 2) . Analyses of nutrients of experimental diets and faecal samples followed the methods of AO AC (1990) . Amino acid contents were determined, followed by acid hydrolysis with 6N HC1 at 110 for 16 h (Mason, 1984) , using an amino acid analyzer (Biochrom 20, Pharmacia Biotech, England). Cr 2 0 3 was measured using an Atomic Absorption Spectrophotometer (Shimadzu, AA6145F, Japan).
Statistical analysis was conducted using the GLM procedure of SAS (1990) and treatment means were compared using Duncan's multiple range test (Duncan, 1955) .
RESULTS
The effects of peptidoglycan (P-glycan), mannanoligosaccharides (MOS), (3-glucan (MG) and NIS on growth performance of weaned pigs are given in Table 3 . Average daily gain (ADG) and feed conversion ratio (F/G) were similar in all groups from d 0 to 14 post-weaning. However, from d 15 to 28 post-weaning, ADG and F/G were better in the MOS group than in the MG and NIS groups (P<0.05). Pigs fed diets with MOS or P-glycan showed similar growth performance as those fed the control diet. MG and NIS treatments did not support pig growth at a similar rate as pigs in the control, MOS and P-glycan groups. The digestibility of diets supplemented with P-glycan, MOS, MG and NIS is shown in Table 4 . During phase I (d 0 to 14 after weaning), the digestibility of dry matter (DM) was similar in all groups. Crude protein (CP) digestibility of the control diet was significantly higher than of diets supplemented with P-glycan, MOS, MG or NIS (PO.05). However, crude ash (CA), calcium (Ca) and phosphorus (P) digestibilities were not significantly different among treatments. During phase II (d 15 to 28 post-weaning), digestibilities of DM, CP and ether extract (EE) were significantly higher in pigs fed the diet supplemented with MOS than other treatments (P<0.05). Crude ash, Ca and P digestibilities were highest in the NIS group. Amino acid digestibilities of diets supplemented with different immunostimulators are given in Tables 5 and 6 . During d 0 to 14 post-weaning, essential (EAA) and non-essential amino acid (NEAA) digestibilities were similar except NIS and which was higher (P<0.05) in pigs fed the control and MG diets. Total amino acid digestibilities were slightly higher in pigs fed the control diet than in other groups, however, the differences were not significant. In phase II (d 15 to 28 post-weaning), EAA digestibility was improved in pigs fed P-glycan, MOS and NIS compared to the control group. Total amino acid digestibility was significantly higher in pigs fed MOS than in control (P<0.05). Table 7 shows the effects of P-glycan, MOS, MG and NIS on leukocyte subpopulations in weaned pigs. During the entire experimental period, pigs fed control and other experimental diets increased T cytotoxic and suppressor cells (CD8+), in contrast with T helper cells (CD4+), and the proportion of granulocytes and monocytes was decreased on day 21 (week 3 after weaning) compared with day 7 (week 1 after weaning). The decreases of T helper cells (CD4+), granulocytes and monocytes between weeks 1 and 3 after weaning were higher in pigs fed diets supplemented with immunostimulators (P-glycan, MOS, MG and MS) than in those fed the control diet. But there was no significant difference among treatments in all immune parameters.
Mortality and diarrhoea score in weaned pigs fed experimental diets are presented in Table 8 . Mortality of pigs fed P-glycan and MG was lower than in other groups, while mortality in pigs fed MOS was equal to pigs fed the control diet. The diarrhoea score was lowest in pigs fed the control diet during phase I, however, during phase II, the diarrhoea score was lower in pigs fed diets supplemented by any of immunostimulators compared to phase I, except in the MS treatment; the diarrhoea score was most improved in the MOS group. However, there were no significant differences among the treatments.
DISCUSSION
Pigs fed MOS for both periods showed better growth performance and grew more efficiently than other groups, although the difference was not significant. This result corresponds with that of a study by Vander Beke (1997) that the supplementation of mannanoligosaccharides and the combination of mannanoligosaccharides plus Lacto-Sacc improved piglet performance. However, other immunostimulators, especially (3-glucan (MG), did not show improvement in growth rate and feed efficiency in the present study. A number of researchers have investigated the effect of (3-glucan in pigs and reported positive results. According to Dritz et al. (1995) , the inclusion of (3-glucan decreased inflammatory cytokine production and increased ADFI and ADG. Schoenherr et al. (1994) evaluated growth performance of weanling pigs (19 d old) fed diets containing 0, 0.025, 0.05, 0.075, 0.1 and 0.125% (3-glucan. Although no improvement in growth was observed during the first 2 weeks, (3-glucan improved overall ADG. This result is more or less in line with the results of the current study. Schoenherr et al. (1994) concluded that the optimal inclusion level of P-glucan is between 0.025 and 0.05% when fed throughout the nursery period. The inclusion level of (3-glucan in the present study was higher than in the previous study, but differences may arise among preparations due to their origin and processing method.
Although ADG and ADFI were lower in all groups supplemented with immunostimulators compared to the control group during phase I (d 0 to 14 post-weaning), all treated groups showed better growth performance, especially in the P-glycan and MOS groups during phase II. Given this result, one can speculate that the pigs may have been challenged by some viruses or pathogens, which are common under commercial conditions, so they use more energy and nutrients in establishing the immune system in the early stage of experiment. But, in the late stage of experiment, pigs fed diets supplemented with immunostimulators showed faster recovery and better growth than the control group. According to Williams et al. (1993a,b) , pigs with low-key immune systems consumed more feed, grew faster and required less feed per unit of gain than those in the high immune status (IS) group. The general response of the immune system to an antigen is initiated by a release of a series of compounds called cytokines. Cytokine release also alters various endocrine pathways and metabolic processes (Stahly, 1996) . ACTH and thyroxine, which are catabolic hormones, are elevated Hashimoto, 1994) , in contrast, thymic and somatotropic peptides, which are potential anabolic hormones, are inhibited (Hannager et al., 1991; Fan et al., 1994) . In metabolic processes, voluntary feed intake is lowered (Mrosovsky et al., 1989; Johnson and von Borell, 1994) . Body protein synthesis is reduced, and more body proteins are degraded (Klasing et al., 1987; Ballmer et al., 1994) . These metabolic changes result in a reduced growth rate, less efficient utilisation of feed for growth and potentially fatter carcasses (Stahly, 1996) .
The pigs with low-key immune systems possessed fewer CD4 positive T-lymphocytes, more CD8 positive T-lymphocytes, and lower CD4:CD8 ratios than pigs with highly stimulated immune systems (William et al., 1993a,b; Stahly, 1996) . From the present study, the CD4-positive T-lymphocyte population was higher in all treated groups during week 1 after feeding (d 7) than in the control group, but that was lowered at d 21 (week 3 after weaning) in all treatments compared with the control. And, the CD8-positive T-lymphocyte population was also higher in pigs fed diets supplemented with immunostimulators than pigs fed the control diet during the late experimental period, which means that the pigs fed diets containing immunostimulators showed a lower-key immune system than pigs fed the control diet during the late experimental period. Therefore, it might said that all immunostimulators used in this study showed a non-specific immunostimulating effect, although their effect on growth seems to be very slight.
In general, when immune responses occur, amino acids are lost from skeletal muscle due to enhanced proteolysis and decreased protein synthesis. Thus, the amino acids are used for synthesis of acute-phase proteins in the liver, oxidized for producing energy, used as glyconeogenic substrates and used for protein synthesis in leukocytes to support clonal expansion and secretion of immunoglobulin and regulatory proteins (Klasing et al., 1987) . The use of immunostimulators therefore decreases the loss of amino acids by protecting from invasion of harmful pathogens and diseases, and consequently improves the growth rate in domestic animals. In the current study, some amino acids (lysine, leucine and isoleucine, etc.), which are generally known to be related to immunocompetence, showed improved digestibility (except threonine) during phase II (d 15 to 28 post-weaning) compared to phase I (d 0 to 14 post-weaning). But, these digestibilities could not exactly explain the metabolism or repartitioning of amino acids in the animal body, whether they are used in muscle deposition or immune protein synthesis. Therefore, further research is required to elucidate the metabolism of amino acids during immune challenge.
As shown in Table 8 , the diarrhoea score was lowest in the MOS group during the entire experimental period, although there was no significant difference among treatments. Originally, the main role of MOS is the inhibition of microbial adherence to cell surface, that is to say, it acts as a receptor for binding specific microbes,^ coli and Salmonella, to the host cell surface (Ofeket al., 1977; Ofek and Sharon, 1990; Baba et al, 1993) . It is known that£. coli and Salmonella are harmful organisms causing diarrhoea in young pigs, therefore it may be said that the reduction of diarrhoea explains the role of MOS in the intestinal cells of piglets. These previous studies and results illustrate the purpose of using MOS in animal feed, and the present study also shows corroborating results. According to MacDonald (1996) , supplementation of mannanoligosaccharides reduced the mortality of broilers. The present study, however, does not elucidate the effect of MOS on reduction of mortality in weaned pigs. P-glycan treatment led to a lower mortality than the other treatments in the present study.
CONCLUSIONS
The present study suggests that the inclusion of immunostimulators (peptidoglycan, mannanoligosaccharides, (3-glucan and NIS) has no beneficial effect on growth performance, except for mannanoligosaccharides. But the use of some immunostimulators showed potential for weaned pigs, increased rate of body growth (mannanoligosaccharides), fast return to low-key immune system (mannaolisosaccharides, (3-glucan and NIS), reduced mortality ((3-glucan) and decreased diarrhoea (mannanoligosaccharides). However, the present data is insufficient for drawing final conclusions and is a preliminary step showing the possibilities open to using immunostimulators and in evaluating the mechanism of their action. Therefore, further research should be done to identify the physiological and metabolic changes caused by adding immunostimulators to diets for weaned pigs.
